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AERONAUTICAL CELLULAR NETWORK 



The invention relates to an aeronautical cellular network and 
includes a cellular telephone system for use within an aircraft. 

The invention is particularly applicable to the use of cellular 
telephone systems such as GSM or DCS cellular systems. It is 
well known that mobile telephones using such systems may not be 
used in aircraft due to the possibility of interference with 
aircraft equipment. Any transmitted radio frequency power level 
within an aircraft must be very low to avoid interference and any 
extended length of radio frequency cables is also liable to cause 
interference. The distribution of seat positions within an 
aircraft makes it impossible to have equal signal distribution 
from a plurality of user locations within the aircraft to a 
common Base Transceiver Station (BTS) which may form part of the 
communication path to the exterior of the aircraft. 

An object of the present invention is to provide an improved 
telephone system for use within an aircraft which avoids unwanted 
interference . 

The present invention provides a cellular telephone system for 
use within an aircraft which comprises a plurality of user 
terminals distributed within an aircraft for location each 
adjacent a seat or a group of seats, an optical interface system 
distributed throughout the aircraft and comprising a plurality 
of optical fibres, interconnecting an array of transducer units 
with a master unit, each transducer unit and said master unit 
providing a bidirectional communication path with conversion 
between optical and radio signals, each transducer unit being 
located near and connected to a user terminal or group of user 
terminals by respective cable connections, said master unit being 
connected to a Base Transceiver Station (BTS) within the 
aircraft, said base Transceiver Station being connected to an 
Aeronautical Earth Station (AES) for transmitting and receiving 
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signals via satellite to a Ground Earth Station. 

Preferably each transducer unit is connected to a plurality of 
user terminals through one or more power splitting devices to 
provide equal signal strength to each user terminal connected to 
the transducer unit . 

Preferably the optical interface system provides a plurality of 
uplink and downlink communication paths between the user 
terminals and the master unit whereby a plurality of users may 
communicate simultaneously through the Base Transceiver Station. 

The invention also provides a method of operating a cellular 
telephone system within an aircraft, which method comprises 
establishing a radio frequency connection through a cable 
connection from a user terminal in the aircraft to a transducer 
located close to the user terminal, effecting bidirectional 
conversion between radio frequency signals and optical signals 
in said transducer, providing an optical signal through an 
optical fibre network distributed throughout the aircraft and 
providing a connection between a master unit and a plurality of 
said transducers, effecting bidirectional conversion between 
radio frequency signals and optical signals in said master unit, 
and providing a screened radio frequency cable connection between 
said master unit and a Base Transceiver Station for use in input 
and output of telephone messages. 

An embodiment of the invention will now be described by .way of 
example and with reference to the accompanying drawings in which: 

Figure 1 is a schematic view of a telephone communication system 
between users in an aircraft and an earth system, 

Figure 2 shows schematically a view of the telephone 
communication paths within the aircraft in accordance with the 
invention, 
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Figure 3 shows a more detailed view of the system of Figure 2, 
and 



Figure 4 shows further details of the system of Figure 3. 

The telephone system of this example enables subscribers to a 
cellular mobile telephone system to use telephones within an 
aircraft without causing interference with the aircraft systems. 
The system is particularly applicable to subscribers to a known 
GSM/DCS network in which the user has a SIM card which the user 
may locate in a receptor in a phone to use the services available 
to him. The system may however be used with any available 
cellular system. 

In the general scheme shown in Figure 1, a plurality of users 
within an aircraft 12 are able to transmit or receive telephone 
messages through an Aeronautical Earth Station (AES) located 
within the aircraft 12 which communicates through a satellite 14 
to a Ground Earth Station 16 using Abis links 13 and 15 to and 
from the satellite. The Ground Earth Station 16 communicates 
through a satellite communication Base Station Controller (BSC) 
17 'to a Mobile Switching Centre (MSC) 18 linked to a Public 
Service Telephone Network (PSTN) 19. The operation of the Base 
Station Controller 17, Mobile Switching Centre 18 and Public 
Service Telephone Network 19 are conventional in established 
cellular telephone networks. In this case however the BSC 17 is 
dedicated to a specific group of Base Transceiver Stations (BTS) 
in a plurality of aircraft so that those BTS are always 
controlled by the same BSC 17. 

To avoid interference within the aircraft an optical interface 
system is used as shown in Figures 2, 3 and 4. The input and 
output of telephone messages to and from the aircraft are handled 
by an Aeronautical Earth Station 20 connected through an Abis 
link 21 to a Base Transceiver Station 22 each operating in known 
manner for a GSM Cellular Telephone System. However, to avoid 
interference with radio frequency signals between user telephones 
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and the Base Transceiver Station 22, an Optical Interface System 
25 is distributed throughout the aircraft. The Optical Interface 
System comprises a plurality of optical fibres providing uplink 
and downlink connections between the Base Transceiver Station 22 
and a plurality of phones, such as mobile cellular phones, 
distributed at each seat or group of seat positions around the 
aircraft. One end of the optical fibre system is connected to 
a master unit 26 which converts optical signals to radio 
frequency signals in both directions so as to allow bidirectional 
communication through the system. The master unit 26 is 
connected to the Base Transceiver Station 22 by an uplink cable 
27 and a downlink cable 28 each comprising a coaxial cable 
screened to provide interference -free communication over the 
short length between the master unit 26 and the Base Transceiver 
Station 22. The long communication paths throughout the aircraft 
to each of the users are provided by the optical cables within 
the optical interface system 25. The optical fibres are 
connected to a plurality of transducer units 30 located at a 
plurality of spaced locations around the aircraft. Each 
transducer unit 30 is located in the vicinity of a group of 
seats. In this particular example shown in Figure 3 and Figure 
4 each transducer unit services three rows of seats each row 
comprising 10 seats. Each transducer 30 which forms a remote 
unit (RU) is connected through screened coaxial cables to a 
plurality of user terminals which in this example are provided 
at each seat location in the aircraft. To provide equal signal 
distribution to each location, each transducer unit 30 is 
connected through a series of power splitters to the respective 
user terminals. In the arrangement shown in Figure 4, each 
transducer 3 0 is connected through a first power splitter 32 to 
provide three respective equal power outputs to row 1, row 2 and 
row 3 of seats which are connected to that transducer. Figure 
4 shows more detail of the connections made to row 1. In that 
case the output from power splitter 32 is passed through a second 
power splitter 33 in order to provide feeder cable connections 
34,35 and 36 to respective groups of seats in a common row. 
Cable 34 passes through a further power splitter 37 to provide 



WO 98/21858 




PCT/EP96/04912 



three separate equal power connections to the three seats forming 
a group of seats 39. Similarly cable 35 is connected to a power 
splitter 40 which provides four equal power connections to the 
four seats forming a further group of seats 42. Cable 36 is 
connected through a power splitter 43 to provide three equal 
power connections to the three seats forming a further group 44. 
Each of the power splitters described is arranged so that each 
seat location which provides a user terminal, has a similar power 
connection to the associated transducer 30. The transducers and 
power splitters are arranged so that all user terminals 
throughout the aircraft experience similar power connections to 
the system. 

In this particular example each user terminal comprises a 
cellular phone of conventional construction located at each seat 
location and wire connected to the associated transducer 30. 
Each of these phones has a receptor for a SIM card which can be 
inserted by the user when he wishes to use the telephone service 
so that he is identified by his own telephone number indicated 
on the SIM card and the cost is billed to his own account. 

The optical fibres 50 used in the interface system 25 are shown 
more fully in Figure 3 wherein each remote unit 30 is connected 
by respective optic fibre connections to the common master unit 
26. The xiidj.vj.dual user terminals are indicated at 51 £or a 
limited selection of user positions in Figure 2. They have been 
omitted for clarity in Figure 3 . 

In the examples shown in Figures 3 and 4, the master unit 26 is 
arranged to send a pilot signal, for example 10 MHz to each of 
the remote units 3 0 and from the remote units 30 back to the 
master unit 26 so that there is a continuous loop which detects 
the quality of the fibre optic links. 

It will be appreciated that in this example, the communication 
system within the aircraft avoids electromagnetic interference 
with the aircraft system. Any radio frequency communication 



WO 98/21838 ^^PCT/EP96/04912 



paths are of short extent common to all users within the 
aircraft. The communication paths which are long and of variable 
length depending upon the user's location are provided by the 
optical fibre interface. 



The invention is not limited to the details of the foregoing 
example . 
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CLAIMS : 



1- A cellular telephone system for use within an aircraft 

which comprises a plurality of user terminals distributed within 
an aircraft for location each adjacent a seat or a group of 
seats, an optical interface system distributed throughout the 
aircraft and comprising a plurality of optical fibres, 
interconnecting an array of transducer units with a master unit, 
each transducer unit and said master unit providing a 
bidirectional communication path with conversion between optical 
and radio signals, each transducer unit being located near and 
connected to a user terminal or group of user terminals by 
respective cable connections, said master unit being connected 
to a Base Transceiver Station (BTS) within the aircraft, said 
base Transceiver Station being connected to an Aeronautical Earth 
Station (AES) for transmitting and receiving signals via 
satellite to a Ground Earth Station. 



2. A cellular telephone system according to claim 1 in which 
each transducer unit is connected to a plurality of user 
terminals through one or more power splitting devices to provide 
equal signal strength to each user terminal connected to the 
transducer unit. 



-» -* t t . « n j i i ]j , _ . . #- 

~» . *i uci.xuxai ucAC^/iiwiic o^obClii awiUUXUlll^ UU CLliy UUC tile 

preceding claims in which the optical interface system provides 
a plurality of uplink and downlink communication paths between 
the user terminals and the master unit whereby a plurality of 
users may communicate simultaneously through the Base Transceiver 
Station. 



4. A cellular telephone system according to any one of the 
preceding claims in which said optical interface system provides 
a broad band communication path for a full GSM or DCS band of 
communication. 
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5. A cellular telephone system according to any one of the 
preceding claims in which an Abis link is provided by a cable 
connection between said Base Transceiver Station and said 
Aeronautical Earth Station. 



6. A cellular phone system according to any one of the 
preceding claims in which each user terminal comprises a cellular 
phone unit. 



7. A cellular telephone system according to claim 6 in which 
each user terminal comprises a cellular phone with a receptor for 
a subscription identifier for a user of the telephone network. 

8. A cellular telephone system according to claim 7 in which 
the identifier is a SIM card. 

9. A method of operating a cellular telephone system within an 
aircraft, which method comprises establishing a radio frequency 
connection through a cable connection from a user terminal in the 
aircraft to a transducer located close to the user terminal, 
effecting bidirectional conversion between radio frequency 
signals and optical signals in said transducer, providing an 
optical signal through an optical fibre network distributed 
throughout the aircraft and providing a connection between a 
master unit and a plurality of said transducers, effecting 
bidirectional conversion between radio frequency signals and 
optical signals in said master unit, and providing a screened 
radio frequency cable connection between said master unit and a 
Base Transceiver Station for use in input and output of telephone 
messages . 



10. A method according to claim 9 in which optical signals are 
used to communicate between the master unit and a plurality of 
said transducers distributed around the aircraft and each 
transducer communicates with a plurality of user terminals with, 
power splitting to provide equal power connections to each 
terminal . 
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11. A method according to claim 9 or claim 10 in which 
communication is effected through a cable between the said Base 
Transceiver Station and an Aeronautical Earth Station in the 
aircraft . 
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